Abstract-Signal denoising is directly related to sample estimation of received signals, either by estimating the equation parameters for the target reflections or the surrounding noise and clutter accompanying the data of interest. Radar signals recorded using analogue or digital devices are not immune to noise. Random or white noise with no coherency is mainly produced in the form of random electrons, and caused by heat, environment, and stray circuitry loses. These factors influence the output signal voltage, thus creating detectable noise. Differential Evolution (DE) is an effectual, competent, and robust optimisation method used to solve different problems in the engineering and scientific domains, such as in signal processing. This paper looks at the feasibility of using the differential evolution algorithm to estimate the linear frequency modulation received signal parameters for radar signal denoising. The results gave high target recognition and showed feasibility to denoise received signals.
I. INTRODUCTION
ADAR systems work by reflecting electromagnetic energy from an object and recording the received echo to make a signal observation analysis of the data. A major problem in radar systems is that most of the reflected energy scatters in different directions and only a small amount of it makes it back to the receiver antenna. This causes many problems that need to be solved in order to improve the signal-to-noise ratio (SNR) of the received signal [1] . Weak signals with high noise levels are a source of interference that may change or distort the data of interest. No matter how sophisticated and precise a circuit design is, the received signals still need to be processed before use in applications. Many signalprocessing techniques are based on tiring mathematical operations that were not practical before the invention of computerised instrumentation. Nevertheless, in each different application, the most appropriate technique needs to be determined for the best better denoising results. Signal denoising is a critical issue in radar systems design and signal processing. The received signal loss and distortion are some of the signal noise effects. Several methods on signal generation, system design, and amplification in analogue and digital systems have been compared. Often, analogue systems have more noise than digital ones. Even with high signal resolution in analogue systems, the noise overshadows the recordings. Still, most analogue systems suffer from generation losses. Thus, digital signal generation using Field Programmable Gate Array (FPGA) has been used for chirp signal design. Using amplifiers on attenuated signals is not practical, since noise is also amplified. Paying attention to the system design is not enough to overcome noise problems, since even modern and sophisticated devices used to generate electromagnetic waves still generate noise that affects the measurements output.
As real world optimisation problems are progressively becoming more complex, there is an ever-rising demand among researchers from different fields for robust, fast, and accurate optimisers. While optimising a difficult task, the first choice method is a common problem specific experiment. Using this technique in which expert knowledge is employed, greater performance is attained. Evolutionary Algorithms, (EAs) such as Genetic Algorithms (GA), Particle Swarm Intelligence (PSO), and Evolutionary Strategy (ES), deal with restrictions; problem specific techniques are not relevant because of unidentified system parameters, the multiple local minima, or nondifferentiability [2] .
The Differential Evolution algorithm (DE) was an EA technique proposed by Storn R and Price K in 1996 [3] . It is a simple, efficient, and fast Evolutionary Algorithm for global optimisation over continuous space. It has been implemented in different domains of scientific and engineering, such as signal processing, circuit and antenna designs, intelligent machines, and many others. It has reliably solved optimisation problems for parameter estimation [4] [5] [6] [7] . DE is currently employed by academics from all disciplines and is commonly used for resolving emerging optimisation problems. It has received increasing attention as a reliable and robust optimiser.
In this paper, the DE algorithm in its classical form is applied in ambiguous target range detection for radar systems. The proposed method mainly alters mutation and crossover strategies; selection operation has been amended to deal with the complexity of the fitness function and constraints. In this method, a new crossover scheme called rand-length crossover is proposed, which was designed to fit the proposed variable length DE. of segments) of the new individuals is determined by a randomly generated number represented as J; the value of J cannot exceed the summation length of the mutant parents and the maximum number of expected targets.
II. CHIRP GENERATOR ARCHITECTURE AND RADAR SYSTEM DESIGN
One of the most popular architecture methods for the Chirp signal generator is Direct Digital Synthesizer (DDS) architecture [8] . This architecture was implemented on Altera StratixIII FPGA by using Altera QuartusII software. Figure 1 shows the circuit design for DDS chirp generator architecture.
Fig. 1. DDS Chirp Generator Circuit
The following parameters were considered based on the maximum possible sampling frequency achieved by the ADC for signal recoding: After signal generation, the radar system begins transmitting and receiving reflected electromagnetic signals off the targets. The transmitted signal is compared with the reference signal in order to calculate the time delay for the signal to be reflected back from the targets. This technique of processing is known as stretch or active correlation processing [9] . Stretch processing is achieved by mixing the Low Noise Amplifier (LNA) signal returns with the transmitted waveform replica, which is then Low Pass Filtered (LPF) and digitally converted at the ADC/DAC HSMC board. It allows received signals proportional tones to reach the target range. Each frequency return from the mixing operation is effectively related in the time delay. All target returns from the same range produce an exact frequency, while mixing the two signals and LPF produces an output equivalent to the received and reference signals subtraction.
The transmitted signal is written as: Where ⁄ is the chirp rate and is the chirp starting frequency. The estimated denoised mixer output of the received auto correlated signal after the LPF is:
This indicates that each target return is proportional to a constant frequency. Where RD is the number of received data points, SD is the number of segments, γ is the vertical change of the signal, is the delay time, and is the sampling resolution, which needs to be chosen properly to make a FFT for the LPF output. The range resolution for the compressed pulse is calculated from:
Where, is the bandwidth of the transmitted signal. The minimum frequency separation, ∆ , between two scattered signals can be calculated as:
The maximum frequency resolvable by the FFT is limited to the region ∆ /2. Thus:
And for better implementation:
Where m is a nonzero positive integer [10] .
III. DIFFERENTIAL EVOLUTION ALGORITHM
Differential Evolution works randomly with a parallel direct technique by utilising the population size NP with a Ddimensional number of parameters for each generation G.
Chromosomes' general structure is illustrated in the figure below: Fig. 3 . Chromosomes' general structure for signal format
Initially, an intermediary population of NP mutant individuals is generated by applying a weighted difference procedure among randomly chosen vectors [11] in what is referred to as a mutation operation. Next, the parameters of the mutated vectors are mixed with other parameters of the target vectors to produce trial vectors. The mixing operation is known as a crossover operation. Vectors selection is cost function dependent, as each generation is populated with best target vectors by replacing those vectors in each generation to reach the best-cost function. This is referred to as selection operation. The DE basic procedure is described below:
Mutation:
For each targeted individual x ,G the mutant operator is generated according to the following equation:
The mutation is done by adding the weighted difference between two mutually different selected population individuals r , r , 1, 2, … , NP , , ,, , which is different from the running index, to the best member of the current population r , in order to share the best information among the whole population. The population must consist of a minimum of 4 for mutation to take place. β is a constant and real factor 0, 2 is called the scaling factor, and is responsible for the amplification of the differential variation x ,G x ,G control [12] .
Crossover: In order to construct an offspring of elements generated after the mutation, and to increase population diversity, a crossover operation is introduced. Thus, the trial vector u ,G u ,G , u ,G , … , u D ,G is formed by the equation:
Where j 1,2, … , D. rand is the jth evaluation independent number generator with range outcome 0, 1 , j is a randomly chosen index with rangej 1,2, … , D to ensure that u ,G gets at least one parameter from v ,G ;CR i is the crossover parameter 0, 1 .
Selection:
The selection operation is applied to determine whether the trial vector u ,G ,,s, should or should not be a member of the next generation, G 1, ,,b, by comparing the trial and target vectors using the greedy selection criterion. If u ,G gives a smaller cost function value compared to x ,G , then u ,G is set to the x ,G ; otherwise, the previous value of x ,G is held [13] .
IV. EXPERIMENTAL RESULTS AND DISCUSSION
Signal denoising using the standard DE algorithm was performed. Reflected signals from targets received by the receiver antenna need an auto-correlation process to extract the received signal component, which is accomplished by mixing the received signal with the transmitted signal replica. This results in delay times that are used to measure a target's distance. The auto-correlation process, known as stretch processing, for LFM signals translates delay time into frequencies representing a target's range. Figure 4 shows the auto-correlated received signals for various ranges in the time and frequency domains for a single target in multiple ranges. Results from applying the standard DE to a received signal is shown in Figure 5 . Inasmuch, the number of segments in the standard DE is inadaptable to the data received, so the number of segments forming a chromosome has to be decided at the initialisation step. In the example below, the number of segments was chosen as 1, and in that case the fitness function aims to find the best fitness value to represent 1 frequency peak. 
………… Chromosome
In standard DE, the number of segments forming a chromosome has to be decided at the initialisation step. This prevents an accurate estimation of received data, especially when the number of targets is usually unknown, and choosing a high fixed number of segments consumes a lot of processing time. A lower number of segments might be needed to detect all the possible range targets. The time and frequency response for the received signal and the DE denoised ones for segments from 1-4 are shown in Fig. 6 . Better fitness was achieved each time a higher number of segments were added. This procedure showed a need for using thresholding constraints to prevent noise or clutter in the denoised signal, and to work as a stopping point for adding unnecessary segment and therefore reducing the processing time. 
V. CONCLUSION
Chirp signal generation using digital microelectronics technology for radar applications resulted in more stable signals with a good sequence of repeatability. Recording received reflections for single and multiple targets in different ranges and different scenarios was done after active correlation processing converted the received signals from carrier frequencies. Radar signal denoising using the DE algorithm was applied. The measurement results show a high capability for target recognition in terms of frequency response and peak forming, which resulted in a clear reduction of noise and clutter distortion. On the other hand, constraints are needed in the DE algorithm to make the number of segments adaptable to the received signal.
